Many Histoplasma capsulatum strains have a-(1,3)-glucan in their cell walls and spontaneously produce variants that lack this polymer. The variants, in contrast to the parents, exist in aberrant shapes within macrophages. Here, the ultrastructure of the parental and variant cell walls was examined. All yeasts had identical electron-lucent, thick walls when grown in broth culture. However, ingestion by either macrophages or hamster trachea epithelial (HTE) cells caused the walls of variants to become electron-dense, thin, and sinuous. Parental strains remained unchanged in macrophages. Within HTE cells inoculated with parental strains, some organisms retained a thick wall and a-(1,3)-glucan but appeared to be degrading. In contrast, apparently intact intracellular yeasts had thin, wavy walls lacking a- (1,3) 6 -9]. Because parents and variants differ in both their a-(1,3)-glucan composition and their clump in liquid culture and form rough-textured colonies on solid medium. Chemotype II strains, which include isolates morphology inside macrophages, we investigated whether the cell wall ultrastructure of the yeasts also deviates either during from three different continents and several different evolutionary classes [2], spontaneously produce variant yeasts that lack growth in broth or while resident in macrophages. In contrast to the situation in macrophages, variants infecting HTE cells a-(1,3)-glucan, grow in a dispersed fashion in broth, and form smooth colonies. One method for isolating these organisms retain the same morphology as their parents [5] . However, when the parental strain is used to inoculate HTE cells, only entails enriching for yeasts that sediment slowly in liquid cultures. These isolates are designated ''smooth'' variants, and variant yeasts are harvested [4]. In an attempt to understand these observations, we have also examined the ultrastructure the suffix ''S'' is added to the strain name to identify them as such [3] . A method developed later requires passage of parental of yeasts inside HTE cells. strains through hamster trachea epithelial (HTE) cells [4]. These ''HTE variants'' (designated by the suffix HTE added Materials and Methods to the strain name) consistently have a slight difference in colony texture and color compared with the S variants, sugYeast strains. H. capsulatum G186A-R, -S, and -HTE as well gesting that they represent a distinctive phenotype (unpublished as strains UCLA 531-R, -S, and -HTE were acquired and mainobservation). 7.4 (see [13]; contains sucrose rather than glucose and 6.0 rather The Journal of Infectious Diseases 1997;175:1538-44 than 8.0 g/mL NaCl). Pelleted yeasts were postfixed at 4ЊC in ᭧ 1997 by The University of Chicago. All rights reserved.
Chemotype II strains of Histoplasma capsulatum, a fungus culture [4] , albeit in a variety of aberrant morphologies (allomorphs) [5] reminiscent of those found in tissues of persistently that causes respiratory disease in mammals, have a-(1,3)-glucan within the cell walls of the yeast form [1] . These yeasts infected patients and animals [6 -9] . Because parents and variants differ in both their a-(1,3)-glucan composition and their clump in liquid culture and form rough-textured colonies on solid medium. Chemotype II strains, which include isolates morphology inside macrophages, we investigated whether the cell wall ultrastructure of the yeasts also deviates either during from three different continents and several different evolutionary classes [2] , spontaneously produce variant yeasts that lack growth in broth or while resident in macrophages. In contrast to the situation in macrophages, variants infecting HTE cells a-(1,3)-glucan, grow in a dispersed fashion in broth, and form smooth colonies. One method for isolating these organisms retain the same morphology as their parents [5] . However, when the parental strain is used to inoculate HTE cells, only entails enriching for yeasts that sediment slowly in liquid cultures. These isolates are designated ''smooth'' variants, and variant yeasts are harvested [4] . In an attempt to understand these observations, we have also examined the ultrastructure the suffix ''S'' is added to the strain name to identify them as such [3] . A method developed later requires passage of parental of yeasts inside HTE cells. strains through hamster trachea epithelial (HTE) cells [4] . These ''HTE variants'' (designated by the suffix HTE added Materials and Methods to the strain name) consistently have a slight difference in colony texture and color compared with the S variants, sugYeast strains. H. capsulatum G186A-R, -S, and -HTE as well gesting that they represent a distinctive phenotype (unpublished as strains UCLA 531-R, -S, and -HTE were acquired and mainobservation). surrounded by a thin, convoluted layer that was presumed to but not to smooth variants, which lack a-(1,3)-glucan [15] . After be the cell wall ( figure 1D ). As expected, no a-(1,3)-glucan 2 more washes, samples were incubated for 30 min with goat was detected in these walls (not shown). Electron microscopy anti-mouse IgM coupled to 15-nm gold particles (Zymed, San revealed similar shapes for parental and variant yeasts despite Francisco) for 30 min. Samples were then washed and examined the fact that fluorescence microscopy shows that variants are for gold particles.
allomorphic [5] . This apparent paradox is probably a result of while the thin-walled fungi did not.
Results Discussion
Parent and variant (S or HTE) strains appear to have similar Yeasts in suspension. Knowing that parental and variant yeasts differ in their cell wall compositions, we looked first at cell wall ultrastructure when the yeasts are cultured in broth. However, this ultrastructure becomes drastically altered when the ultrastructure of broth-grown yeasts. Ruthenium red staining revealed an outermost carbohydrate layer ( figure 1A) in H. capsulatum variants are grown in either macrophages or epithelial cells. The same alterations are seen in variants prethe cell wall of all yeasts; organisms from different strains and their variants were indistinguishable (G186A-R, -S, and -HTE; treated with glutaraldehyde, indicating that no active response is required from the yeasts. Instead, the variant cell wall may UCLA 531-R and -S). As expected, immunogold staining localized a-(1,3)-glucan to the walls of G186A-R (figure 1B) and be particularly sensitive to some enzymatic or other activity within the phagolysosome. Alternatively, the nonprotein por-UCLA 531-R. In the absence of ruthenium red, the cell wall was electron-lucent. With regards to survival in macrophages, tion of the wall may have a passive physicochemical response to the microenvironment within the host cells. ability to kill these phagocytes, and tendency to form allo- Fluorescence microscopy of macrophages infected with vari-HTE cells, profound changes can occur in the phagocytized parental strain yeasts. Some of these yeasts appear to undergo ants reveals a variety of allomorphic shapes, including simple enlarged spheres, barbells, gourds, and kidney beans [5] , which degradation within the first day after inoculation. Those that do not have acquired thin, wavy cell walls that are indistinare similar to forms found in the tissues of infected mammals and patients. This variety of shapes may relate to the thin, guishable from those of the variants. Thus, the parental phenotype seems unfavorable for survival in HTE cells. sinuous cell wall seen ultrastructurally. For example, if the thinned walls reflect less rigidity, perhaps osmotic stress could
The differences between the microenvironment facing H. capsulatum within macrophages and HTE cells are unknown, explain allomorphism. As might be expected in such a scenario, enlarged spherical forms predominate. The additional shapes yet probably influence the yeast morphology and cell wall architecture. In both cases, the fungi are enclosed in membraneobserved might result from uneven stress, perhaps due to local variations in the rigidity of the cell wall with consequent herniabound vesicles. These have been identified as phagolysosomes of neutral pH in macrophages [17] but have yet to be charactertion at weaker sites. Consistent with this idea, allomorphs do not form inside cells if the walls of the variants are protected ized in HTE cells. Levels of other ions may also differ within the hosting vesicles of these cells, as may the transport of from potential osmotic effects as a result of cross-linking with glutaraldehyde.
nutrients from the medium or host cell cytoplasm. The purpose of this study was to compare an experimental regimen of atovaquone plus proguanil with the standard regimen of quinine plus tetracycline for the treatment of uncomplicated falciparum malaria. The study was designed as an open, randomized study of men presenting with symptoms of uncomplicated malaria and thick-smear slide confirmation of parasitemia (1000 -100,000 ring forms/mL). Subjects were hospitalized for 28 days to insure medication compliance and to rule out the possibility of reinfections. With 77 patients in each group, the cure rates were 98.7% and 100% for atovaquone plus proguanil and quinine plus tetracycline, respectively. The parasite clearance times (mean, 56 h) and fever clearance times (mean, 19 h) were significantly shorter in the atovaquone plus proguanil group, and there were significantly fewer side effects in the atovaquone plus proguanil group. Atovaquone plus proguanil is an efficacious, easily administered, safe regimen for the treatment of uncomplicated, multidrug-resistant falciparum malaria in Brazil.
Multidrug-resistant falciparum malaria continues to be a madisseminate resistant strains throughout the region. During the past decades, parasite drug resistance to chloroquine, pyrimethjor public health problem in developing countries, requiring new treatment regimens nearly every decade. The problem is amine-sulfadoxine, and to some extent, quinine [2] has developed at an alarming rate. Currently, the recommended regimens especially severe in Brazil, which has experienced a 3-fold rise for uncomplicated falciparum malaria in order of priority are in malaria during the past decade, to nearly 600,000 infections quinine plus tetracycline for 7 days, quinine alone for 10 days, annually, approximately half of which are falciparum [1] .
and a single dose of mefloquine [3] . The first two regimens Nearly all of the malaria is confined to the Amazon region, in have problems with poor compliance and many side effects. which migrant populations, great distances, and poor access to Half the patients do not comply for ú3 days (de Alencar FEC, diagnosis and treatment are major obstacles to malaria control. unpublished data). Mefloquine is expensive, and because of its Presumptive treatment without diagnosis has led to overuse of long half-life, resistance may develop rapidly through reinfecantimalarials and is probably a significant factor in the generations in malaria-endemic areas. tion of parasite resistance. Migrant populations can rapidly As in other areas of the world faced with multidrug resistance, the options for alternatives are few and problematic. Increasing the dose of existing regimens may lead to toxicity and only delay the development of resistance. Combining dif-
